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SPECIFICATION 



TITLE OF THE INVENTION 



Drive Apparatus 



TECHNICAL FIELD 



The present invention relates to a drive apparatus having 
an engine and an electric motor and, more particularly, to an 



BACKGROUND ART 

In a hybrid drive apparatus using an engine ( or a combustion 
engine) and an electric motor together as its power source, 
when the engine being fuel-cut is restarted while the vehicle 
is running, the cranking load of the engine affects the motor 
torque to be outputted to a wheel, so that a relatively high 
cranking shock is caused by the fluctuation in the drive torque. 
As a technique of the prior art for reducing this cranking shock, 
therefore, there is a technique disclosed in Japanese Patent 
Laid-Open No. 82332/1998. In this prior art technique, there 
is adopted a method for reducing the cranking torque of the 
engine . When the engine is motored and started by a motor coupled 
mechanically to the crank-shaft through a damper, the 
opening/closing timings of an intake valve of the engine are 
delayed to reduce the effective compression ratio of the engine 



engine start control for the apparatus . 
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so that the engine may be smoothly rotationally driven to reduce 
the amplitude of the torsional vibration of the crank-shaft 
and to quickly pass the rotational range in which the resonant 
phenomenon occurs . 

Here, the crank angle at the engine stop time does not 
fall at an identical position but disperses every times. 
Depending upon this difference in the engine stop position, 
the rise in the engine speed may be delayed at the initial stage 
of the engine start and may fail to pass the rotational range 
of the resonance phenomenon quickly. Even if the cranking 
torque is effectively reduced, moreover, the torque fluctuation 
to be transmitted to the wheel at the engine starting time is 
different due to the difference in the engine stop position 
so that the inexpensive feedforward control for correcting the 
torque fluctuation cannot be made on the basis of the simple 
correction waveform data. In order to absorb this torque 
fluctuation effectively, it is necessary to add different torque 
corrections every times. This torque corrections requires a 
complicated feedback control. 

Therefore, a first object of the present invention is 
to raise the engine speed quickly at the beginning of the engine 
start to pass the rotational range of the resonance phenomenon 
quickly. Next, a second object of the present invention is 
to provide a drive apparatus which is enabled to correct the 
output torque fluctuation at the engine starting time by an 
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inexpensively realizable feedforward control or a simple 
feedback control thereby to reduce the cranking shock. 

DISCLOSURE OF THE INVENTION 

In order to achieve the above-specified objects, 
according to the present invention, there is provided a drive 
apparatus comprising: a first electric motor for motoring to 
raise an engine to a speed for an ignition; and a control unit 
for controlling said engine and said first electric motor, 
characterized: in that said control unit makes a prepositioning 
control for controlling the first electric motor with a torque 
output so that the engine being stopped to run may be positioned 
at a predetermined crank-shaft position. (Claim 1) 

In the aforementioned construction, the engine being 
fuel-cut is positioned at the predetermined cranking start 
position by the torque output of the first electric motor so 
that the engine start can be always effected under the identical 
conditions by the motoring of the first electric motor. As 
a result, the torque vibration to be then outputted to the wheel 
has an identical waveform to make the correction of the drive 
torque possible for absorbing the torque vibration by the simple 
control such as the feedforward control to output the 
corresponding waveform data. 

In the aforementioned construction, said control unit 
can cause the first electric motor to output a torque short 
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of a torque necessary for running the engine continuously. 
(Claim 2) 

In the aforementioned construction, said control unit 
can cause the first electric motor to output an arbitrary 
constant torque. (Claim 3) 

In the aforementioned construction, alternatively, said 
control unit can cause said constant torque to be outputted 
only for a predetermined time. (Claim 4) 

In the aforementioned construction, it is effective to 
adopt a construction which further comprises first crank-shaft 
position detecting means for detecting the crank-shaft position, 
and in which said control unit makes said predetermined time 
variable according to the difference between a present 
crank-shaft position and said predetermined crank-shaft 
position. (Claim 5) 

Next, in the aforementioned construction, it is effective 
to adopt a construction which further comprises second 
crank-shaft position detecting means for detecting said 
predetermined crank-shaft position, and in which said control 
unit causes the first electric motor to output a torque till 
the crank-shaft is positioned at said predetermined crank-shaft 
position. (Claim 6) 

In the aforementioned construction, said control unit 
can cause the first electric motor to output a variable torque. 
(Claim 7) 
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In the aforementioned construction, it is possible to 
adopt a construction which further comprises first 
crank-shaft position detecting means for detecting the 
crank-shaft position, and in which said control unit can cause 
said variable torque to be outputted according to the difference 
between a present crank-shaft position and said predetermined 
crank-shaft position. (Claim 8) 

In the aforementioned construction, said control unit 
can have a variable torque map predetermined according to the 
difference said present crank-shaft position and said 
predetermined crank-shaft position. (Claim 9) 

In the aforementioned construction, it is effective that 
said variable torque is a torque along the cranking torque of 
the engine. (Claim 10) 

In the aforementioned construction, moreover, it is 
effective that said predetermined crank-shaft position is the 
position at which the cranking torque of the engine is the 
highest. 

In this construction, at the time of the engine start 
after the crank-shaft position control, the cranking speed can 
be promptly raised from the initial time of the motoring thereby 
to pass the rotational range of the resonance phenomenon quickly . 
(Claim 11) 

In the aforementioned construction, moreover, it is 
effective to adopt a construction which further comprises a 



5 



second electric motor, in which the engine, the first electric 
motor and the second electric motor are mechanically connected 
to a wheel, and in which said control unit controls the second 
electric motor so as to absorb the fluctuation in the torque 
to be outputted to the wheel during said prepositioning control . 
(Claim 12) 

In this construction, the driving force fluctuation in 
the crank-shaft position control can be corrected by the second 
electric motor thereby to prevent the physical feeling of the 
driver from being deteriorated by the crank-shaft position 
control • 

In the aforementioned construction, said control unit 
can calculate the fluctuation of the torque to be outputted 
to said wheel, from the torque outputted by the first electric 
motor. (Claim 13) 

In the aforementioned construction, alternatively, said 
control unit can control the second electric motor on the basis 
of a first torque correction map predetermined according to 
said prepositioning control. (Claim 14) 

In the aforementioned construction, moreover, said 
control unit can also cause said first electric motor and said 
second electric motor to output torques simultaneous ly . ( Claim 
15) 

Next, in the aforementioned construction, said control 
unit can execute said prepositioning control prior to the 




motoring. (Claim 16) 

in this construction, the crank-shaft position control 
is made prior to the start of the engine so that the cranking 
start position at the engine start can be warranted to be 
constant. 

In the aforementioned construction, said control unit 
can control the speed of the first electric motor at the motoring 
time. (Claim 17) 

In the aforementioned construction, alternatively, said 
control unit can also control the torque of the first electric 
motor at the motoring time. (Claim 18) 

In this case, said control unit can control the torque 
of the first electric motor on the basis of a predetermined 
map. (Claim 19) 

In any of the aforementioned constructions, it is 
effective to make a construction in which said control unit 
controls the second electric motor so as to absorb the torque 
fluctuation to be outputted to the wheel at the motoring time. 
(Claim 20) 

In this construction, the driving force fluctuation 
during the engine start can be corrected by the second electric 
motor so that the torque oscillation by the cranking at the 
engine starting time can be offset to prevent the deterioration 
of the physical feeling of the driver. 

In this case, it is possible to adopt a construction in 
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which said control unit calculate the fluctuation of the torque 
to be outputted to said wheel, from the torque outputted by 
the first electric motor. (Claim 21) 

In the aforementioned construction, said control unit 
can control said second electric motor on the basis of a second 
correction map predetermined according to the motoring . (Claim 
22) 

In this construction, the fluctuation in the motive power 
to be outputted to the wheel is always constant so that the 
cranking shock at the engine starting time can be reduced at 
a low cost by mapping the torque to be corrected in the second 
electric motor, without requiring the processor capable of 
calculating the fluctuation of the motive power at a high speed. 

In the aforementioned construction, it is possible to 
adopt a construction in which said control unit further controls 
the second electric motor on the basis of a third torque 
correction map predetermined according to the crank-shaft 
position of the engine. (Claim 23) 

In the aforementioned construction, said control unit 
can cause said first electric motor and said second electric 
motor to output torques simultaneously. (Claim 24) 

In any of the constructions for the crank-shaft position 
control, it is effective that said control unit makes said 
prepositioning control if the drive demand of the driver is 
no more than a predetermined value. (Claim 25) 
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In this construction, when the drive demand is no less 
than the predetermined value, the time for rotating the engine 
to the cranking position before the start can be shortened by 
taking the engine start preferentially, so that the engine an 
be quickly started. 

In any of the aforementioned constructions, on the other 
hand, it is effective to adopt a construction in which said 
control unit executes said prepositioning control subsequent 
to the engine running stop which is caused by lowering the engine 
run forcibly by a generator after a fuel cut. (Claim 26) 

In this construction, the crank-shaft position control 
is made subsequent to the engine stop, so that necessary torque 
fluctuation at that time can be continuously followed by the 
torque fluctuation at the engine position control thereby to 
eliminate the physical disorder of the crank-shaft position 
control, as might otherwise be given to the driver. 

In this case, it is effective to adopt a construction 
in which said control unit controls the second electric motor 
so as to absorb the fluctuation of the torque to be outputted 
to the wheel while said engine run being forcibly lowered. 
(Claim 27) 

In any of the aforementioned constructions, it is 
effective that the construction further comprises a one-way 
clutch for blocking the reverse run of the engine. (Claim 28) 

In this construction, the engine can be held at a position, 
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when it is turn to a predetermined rotational load posit ion , 
by the one-way clutch. Even in case the drive demand of the 
driver changes just after the engine stop, the crank-shaft 
position control can be made at an arbitrary timing. Moreover, 
the torque need not be continuously applied by the first electric 
motor so as to hold the engine at the cranking position, so 
that the excessive power consumption can be prevented. 

Next, according to the present invention, there is 
provided a drive apparatus comprising: a first electric motor 
for motoring to raise an engine to a speed for an ignition; 
and a control unit for controlling said engine and said first 
electric motor, characterized: in that said control unit 
controls the first electric motor with a torque output so that 
the cranking torque during the motoring may be a predetermined 
torque. (Claim 29) 

In this construction, at the engine starting time, the 
cranking is done with a constant torque output of the first 
electric motor so that the torque vibration to be then outputted 
to the wheel can have identical waveforms, to correct the drive 
torque for absorbing the torque vibration by the simple control 
such as the feedforward control to output the corresponding 
waveform data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a skeleton diagram of a gear train of a hybrid 



10 



drive apparatus according to an application of the present 
invention; Fig. 2 is a velocity diagram of a planetary gear 
set of the hybrid drive apparatus; Fig. 3 is a torque diagram 
of the planetary gear set of the hybrid drive apparatus; Fig. 
4 is a system construction diagram of a control line of the 
hybrid drive apparatus; Fig. 5 is a flow chart of a first half 
of a main routine of a control unit; Fig. 6 is a flow chart 
of a second half of the main routine of the control unit; Fig. 
7 is a vehicle demand torque map; Fig. 8 is an engine target 
running state map; Fig. 9 is an engine running range map; Fig. 
10 is a flow chart of an abrupt acceleration control routine; 
Fig. 11 is a flow chart of a drive motor control routine; Fig. 

12 is a flow chart of a generator torque control routine; Fig. 

13 is a flow chart of a generator speed control routine; Fig. 

14 is a flow chart of a generator brake ON control routine; 
Fig. 15 is a flow chart of a generator brake OFF control routine; 
Fig. 16 is a flow chart of an engine stop control routine; Fig.. 

17 is a flow chart of an engine start control routine; Fig. 

18 is an engine cranking torque characteristic diagram; Fig. 

19 is a time cart of a prepositioning control in an engine start 
control of a first embodiment; Fig. 2 0 is a flow chart of the 
prepositioning control routine; Fig. 21 is a flow chart of a 
fluctuating torque negating control routine; Fig. 2 2 is a torque 
correction map; Fig. 23 is a flow chart of a prepositioning 
control routine of a second embodiment; Fig. 24 is a schematic 
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diagram of a detector of a sensor to be used for detecting a 
crank-shaft position; Fig. 25 is a schematic diagram showing 
a detector of another type; Fig. 26 is a flow chart of a 
prepositioning control routine of a third embodiment; Fig. 2 7 
is a crank-shaft positioning determining map; Fig. 28 is a flow 
chart of a prepositioning control routine of a fourth embodiment ; 
Fig. 2 9 presents a variable torque map and a torque correction 
map to be used therein; Fig. 3 0 is a flow chart of an engine 
start control routine of a fifth embodiment; Fig. 31 is a flow 
chart of a fluctuating torque negating control routine; Fig. 
32 is a torque map to be used therein; Fig. 33 is a flow chart 
of another fluctuating torque negating control routine; Fig. 
34 is a torque map to be used therein; Fig. 35 is another torque 
map; Fig. 36 is a flow chart of still another fluctuating torque 
negating control routine; Fig. 3 7 is a torque map to be used 
therein; Fig. 3 8 is a flow chart of an engine start control 
routine of a sixth embodiment; Fig. 3 9 is a time chart of a 
prepositioning control in an engine stop control of a seventh 
embodiment; Fig. 4 0 is a flow chart of the engine start control 
routine; Fig. 41 is a time chart of an engine start of the prior 
art; Fig. 42 is a time chart of a prepositioning control at 
an engine starting time according to the present invention; 
and Fig. 43 is a time chart of a prepositioning control at an 
engine stopping time according to the present invention. 



BEST MODES FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention will be described 
with reference to the drawings . 
(Gear Train) 

First of all, Fig. 1 shows one example of a gear train 
construction of a hybrid drive apparatus, to which the present 
invention is applied, in a skeleton diagram. This apparatus 
comprises the following components as its major ones: an engine 
1; a first electric motor (as. will be called the "generator") 
2 for generating an electric power by using at least a portion 
of the output of the engine 1 and for motoring to raise the 
engine 1 to a speed for an ignition; a three-element planetary 
gear set (as will be called the "planetary") 6; a generator 
brake 7 for stopping the rotation of the generator 2; a one-way 
clutch 8 for preventing the reverse rotation of the engine 1; 
and a second electric motor (as will be called the "drive motor) 
controlled to set the motive power to be outputted to a wheel 
9 to a desired value by using the generated electric power or 
stored electric power of the generator 2. 

This gear train will be described in more detail. This 
drive apparatus is given a four-axis construction of axes 
parallel to one another, of which: an engine axis carries the 
engine 1, the generator 2 and the planetary 6; the motor axis 
carries the drive motor 3; the counter axis carries a counter 
gear mechanism 4; and the diff axis carries a differential unit 
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5. Moreover, the engine 1 and the generator 2 are drivingly 
connected to each other through the planetary 6 and to the counter 
gear mechanism 4 through the planetary 6, and the dive motor 
3 and the differential unit 5 are drivingly connected directly 
to the counter gear mechanism 4 . 

The planetary 6 is given a simple planetary construction 
including: a sun gear 61; a carrier 63 for supporting a pinion 
64 circumscribed to mesh with the sun gear 61, rotatably; and 
a ring gear 62 inscribed to mesh with the pinion 64. 

The engine 1 is drivingly connected to the generator 2 
and the counter gear mechanism 4 by connecting an engine output 
shaft 10, as connected to its crank-shaft through a fly wheel 
damper, to the carrier 63 of the planetary 6. The generator 
2 is drivingly connected to the engine 1 and the counter gear 
mechanism 4 by connecting its rotor shaft 2 0 to the sun gear 
61 of the planetary 6 . Moreover, the ring gear 62 of the planetary 
6 is connected through an output shaft 11 on the engine axis 
to a first counter drive gear 12 integrated with or fixed on 
the output shaft 11. On the other hand, the carrier 63 of the 
planetary 6 is connected to a drive unit case 100 through the 
one-way clutch 8 which is locked by the reverse rotation of 
the engine output shaft 10. Moreover, the rotor shaft 2 0 of 
the generator 2 is connected through the generator brake 7 to 
the drive unit case 100. 

The dive motor 3 is drivingly connected to the counter 
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gear mechanism 4 through a counter drive gear 31 which is 
integrated with or fixed on a rotor shaft 30 or the motor shaft 
connected with the former. 

The counter gear mechanism 4 is constructed to include: 
a counter shaft 40; tow counter driven gears 41 and 42 integrated 
with or fixed on the former; and a diff drive pinion gear 43. 
The counter gear mechanism 4 is dr ivingly connected to the output 
shaft 11 on the engine axis and the motor shaft 30 by causing 
its counter driven gear 41 to mesh with the counter drive gear 
12 on the side of the, output shaft 11 on the engine axis and 
by causing the counter driven gear 42 to mesh with the counter 
drive gear 31 on the side of the motor shaft 30. 

The differential unit 5 is drivingly connected to the 
counter gear mechanism 4 by causing a diff ring gear 51 fixed 
on its diff case 50 to mesh with the diff drive pinion gear 
43 of the counter shaft 40. Moreover, the differential unit 

5 is drivingly connected to the wheel 9, as well known in the 
art. 

In the hybrid drive apparatus thus constructed, the 
connected relations among the engine 1 , the generator 2 and 
the output shaft 11 on the engine axis through the planetary 

6 bring about the relations in speeds, as shown in Fig. 2, and 
the relations in torques, as shown in Fig. 3, among those three 
components. In the relations in the speeds shown in Fig. 2, 
specifically, the following relation holds among an engine speed 
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( N E ) , a generator speed (N G )/ a ring gear speed (N R ) of the 
planetary and a ring-gear /sun-gear tooth number ratio (X) : 

(X + 1) • N E = 1 • N G + X • Nr. 
For the engine speed (N E ): 

N E = (1 • N G + X • N R )/(X + 1) - - (1). 
By increasing the generator speed (N G ) with the ring gear speed 
(N R ) corresponding to the vehicle speed being constant, 
therefore, the engine speed (N E ) rises (namely, the relation 
shifts from that indicated by a broken line to that indicated 
by a solid line). By setting the engine speed (N E ) to 0, the 
generator speed (N G ) is reversed by the X times of the ring 
gear speed (N R ) (namely, the relation shifts from that indicated 
by the broken line to that indicated by a single-dotted line) . 

' In the relation in the torques shown in Fig. 3 , on the 
other hand, the following relation holds among an engine torque 
(T E ), a generator torque (T G ) and a ring gear torque (T R ): 

T E : T R : T G = (X + 1) : -X : -1 - - (2). 
With the ring gear torque (T R ) being constant, therefore, the 
increase in the generator torque (T G ) acts as a driving torque 
on the engine 1, but the increase in the engine torque (T E ) 
acts as a driving torque on the generator 2 . 

In this drive apparatus, moreover: the engine 1 is mainly 
employed for exhibiting the driving force for the vehicle run; 
the dive motor 3 for assisting the driving force; the engine 
1 for driving the generator; the generator 2 for the power 
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generation; and the dive motor 3 for the regenerative braking. 
Moreover, the generator 2 is employed, too, for starting or 
stopping the engine. By adjusting the generating load of the 
generator 2 in the outputting state of the engine with respect 
to the ring gear 62 of the planetary 6 for receiving the running 
load of the vehicle through the differential unit 5 and the 
counter gear mechanism 4, more specifically, the vehicle is 
enabled to run at a proper ratio utilizing the engine output 
for the driving force to the wheel 9 and for the generating 
energy (to charge the battery) . When the generator 2 is caused 
to output the torque (for the power running) at the reverse 
rotation of the generator 2, moreover, the reaction applied 
to the carrier 63 of the planetary 6 is reversed so that the 
power of the generator 2 can be transmitted to the ring gear 
62 by retaining the carrier 63 on the drive unit case 100 with 
the one-way clutch 8. Thus, the driving force at the vehicle 
starting time is intensified (for a run in a parallel mode) 
by the simultaneous outputs of the motor 3 and the generator 
2. 

In this gear train, moreover, at the engine starting time, 
the running load or the stopping load of the vehicle is applied 
from the wheel 9 to the ring gear 62 of the planetary 6 connected 
to the output shaft 11 on the engine axis and is used as a reaction 
to cause the reversely rotating generator 2 to output the torque 
( or to regenerate ) thereby to drive the sun gear 61. As a result , 
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the revolution of the pinion 64 round the sun gear 61 is outputted 
to the carrier 63 so that the engine 1 is motored. Even with 
the engine stopping while the vehicle is running, moreover, 
the driving force of the motor 3 or the reversely driving force 
from the wheel 9 acts on the ring gear 62 of the planetary 6 
connected to the output shaft 11 on the engine axis, so that 
the generator is driven by the rotation of the sun gear 61 taking 
the reaction on the carrier 63 connected to the engine output 
shaft being stopped. By adjusting the engaging force of the 
brake 7 in this state, therefore, the carrier 63 as the reaction 
element in this state can be rotated to turn the engine 1 . 
(Control System) 

Fig. 4 is a block diagram showing a system construction 
of a vehicle drive control system for controlling the gear train . 
This vehicle control system is constructed to include: a vehicle 
control unit U as a main component; a shift position sensor 
Snl, a brake pedal sensor Sn2 and an accelerator pedal sensor 
Sn3 as input means for inputting demands of the driver, to the 
vehicle control unit; various sensors (e.g., a generator rotor 
position sensor Sn4 or a drive motor rotor position sensor Sn5) 
as input means for inputting various pieces of information of 
the running situation of the vehicle; a battery B as a power 
source; a drive motor inverter InM as means for driving the 
drive motor 3; and a generator inverter InG for driving the 
generator 2 . 
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The vehicle control unit U is a control unit composed 
of a CPU, a memory and so on for controlling the vehicle as 
a whole, and is provided with an engine control unit u E , a 
generator control unit U G and a drive motor control unit U M . 
The engine control unit U E is composed of a CPU, a memory and 
so on and is connected through a signal line L E with the engine 
1 for sending a command signal such as a throttle opening 9 
or a fuel in j ect ion rate so as to control the engine 1 . Moreover , 
the generator control unit U G is connected through a signal 
line L G with the inverter InG for sending a control signal to 
the inverter InG so as to control the generator 2 made of a 
three-phase AC electric motor (e.g., a permanent magnet type 
synchronous motor). Moreover, the drive motor control unit 
U M is connected through a signal line L M with the inverter InM 
for sending a control signal to the inverter InM so as to control 
the dive motor 3 made of a three-phase electric motor. The 
two inverters inverter InG and InM are connected through a DC 
power line L s with the battery B and through three-phase (i.e. , 
three phases U, V and W) AC power lines L A G and L A M with the 
three-phase coils of the individual stators 21 and 31 of the 
drive motor 3 and the generator 2. Here, reference letters 
Cn designate a smoothing capacitor for smoothing the DC voltage 
of the DC power line L s by suppressing its fluctuations. 

More specifically, the inverter InG is so controlled on 
the basis of a PWM (Pulse Width Modulation) signal outputted 
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by the generator control unit U G to the signal line L G as to 
convert the DC current fed from the battery B through the DC 
power line L s , into electric currents l UG , Ivg and I WG of the 
individual U, V and W phases thereby to send the individual 
currents I UG , I VG I W g through the three-phase AC power line L A G 
to the three-phase coils of the generator 2 . At the power 
generating or regenerating time, on the other hand, the inverter 
InG is fed with the currents I UG , Ivg and I WG of the individual 
phases U , V and W, as generated in the three-phase coils of 
the generator 2, through the three-phase AC power line L A G, 
and converts them into DC electric currents and sends the DC 
currents to the battery B through the DC power line L s . 

On the other hand, the inverter InM is so controlled on 
the bas is of a control s ignal outputted by the drive motor control 
unit U M to the signal line L M as to convert the DC current fed 
from the battery B through the DC power line L s , into electric 
currents I UM f Ivm and I WM of the individual U, V and W phases 
thereby to send the individual currents Ium/ Ivm Iwm through the 
three-phase AC power line L A M to the three-phase coils of the 
dive motor 3. At the power generating or regenerating time, 
on the other hand, the inverter InM is fed with the currents 
IuMf Ivm and I WM of the individual phases U, V and W, as generated 
in the three-phase coils of the drive motor 3 , through the 
three-phase AC power line L A M, and converts them into DC electric 
currents and sends the DC currents to the battery B through 
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the DC power line L s . 

Of the various sensors, moreover/ a battery sensor , as 
indicated only by a signal line L B although omitted, detects 
the states including the battery B, i.e., a battery voltage 
(V B ) , a battery current ( I B ) , a battery temperature and a battery 
residue (SOC: State Of Charge), and inputs these pieces of 
information to the generator control unit U G and the drive motor 
control unit U M . An engine speed sensor Sn6 detects the engine 
speed (N E ) . The shift position sensor Snl detects a shift 
position (SP) of the not-shown speed selecting means. The 
accelerator pedal sensor Sn3 detects the position of the 
accelerator pedal, i.e., a depression (AP) . The brake pedal 
sensor Sn2 detects the position of the brake pedal, i.e., a 
depression (BP) . An engine temperature sensor Sn7 detects the 
temperature (t E ) of the engine 1 . A generator temperature sensor 
Sn8 detects the temperature (t G ) of the generator 2 in terms 
of the temperature of the coil, for example. A drive motor 
temperature sensor Sn9 detects the temperature (t M ) of the dive 
motor 3 in terms of the temperature of the coil, for example. 
Moreover, the individual current sensors SnlO to Snl2 of the 
three-phase AC power lines L A G and L A M are current sensors for 
detecting the current values I UG , Ivg, Ium and I VM of the two in 
the three phases. 

Thus, this vehicle control unit U performs various 
processing operations: to send an engine control signal to the 
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engine control unit U E thereby to set the drive/stop of the 
engine 1, as will be detailed; to read the rotor position (0 G ) 
of the generator 2 thereby to calculate the motor sped (N G ); 
to calculate the engine speed (N E ) by the aforementioned speed 
relation (1); to set the engine control unit U E with an engine 
target speed (N E *) indicating the target value of the engine 
speed (N E ) ; to set the generator control unit U G with a generator 
target speed (N G *) and a generator target torque (T G *); and to 
set the drive motor control unit U M with a drive motor target 

torque (T M *) and a drive motor torque correction value (6T M ). 

In the present embodiment, the engine speed (N E ) is 
calculated by the vehicle control unit U but can also be read 
from the engine speed sensor Sn6. Moreover, a vehicle speed 
(V) is calculated on the basis of the rotor position (9 M ) of 
the dive motor 3 but can also be calculated on the basis the 
ring gear speed (N R ) of the planetary 6 or the speed of the 
wheel 9. In this case, a ring gear speed sensor, a wheel speed 
sensor and so on are arranged as the vehicle speed detecting 
means . 

On the other hand, the vehicle control unit U is further 
provided with an oil pressure circuit L F for controlling the 
oil pressure of the brake 7 of the gear train and for lubricating 
and cooling the individual portions of the mechanism, and a 
hydraulic control unit for controlling the former, but the 
details of those circuit and unit are omitted from the Drawings . 
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Next, the drive control of the drive apparatus by the 
vehicle control unit U will be described with reference to flow 
charts . 

(Control Flow) 

Fig. 5 and Fig. 6 divide and show a main flow of the control 
by the vehicle control unit U. First of all, at initial Step 
SI shown in Fig. 5, the accelerator pedal position (AP) is 
inputted from the accelerator pedal sensor Sn3, and the brake 
pedal position (BP) is inputted from the brake pedal sensor 

Sn2. At Step S2, the rotor position (8 M ) is read from the rotor 
position sensor Sn5 of the dive motor 3 so that the vehicle 
speed (V) is calculated from the changing rate of the rotor 

position (6 M ). Here, the vehicle speed (V) can also be 
calculated in another embodiment, as described hereinbefore, 
by providing a vehicle speed sensor separately to read it. 

At next Step S3, a vehicle demand torque (T OU t*) is 
determined. In this processing, the vehicle demand torque 
(Tout*) preset to correspond to the accelerator position, the 
brake pedal position and the vehicle speed is determined by 
referring the vehicle demand torque map stored in the memory 
of the vehicle control unit U and shown in the upper stage of 
Fig. 7, when the accelerator pedal is depressed so that the 
accelerator pedal position (AP) is inputted, and by referring 
the vehicle demand torque map stored likewise in the memory 
and shown in the lower stage of Fig. 7, when the brake pedal 
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is depressed so that the brake pedal position (BP) is inputted. 

At subsequent Step S4, it is decided whether or not the 
vehicle demand torque (Tout* ) set at the preceding Step is higher 
than the dive motor maximum torque which is rated in advance 
in the dive motor 3. If this decision holds (YES), the torque 
becomes short. Therefore, the routine advances to Step S9, 
at which it is decided whether or not the engine 1 is stopped. 
In the case of the engine stop at which the decision holds (YES ) , 
the driving force cannot be assisted by the engine 1 so that 
an abrupt acceleration control subroutine of StepSlO is executed. 
In this case, both the dive motor 3 and the generator 2 are 
driven to make the run in a parallel mode, as will be detailed. 

If it is decided at Step S4 that the vehicle demand torque 
(Tout*) is no more than the drive motor maximum torque, on the 
other hand, the routine advances to Step S5, at which driver 
demand output (P D ) is calculated. This driver demand output 
(P D ) is calculated as a product (P D = T OU t* * V) of the vehicle 
demand torque (Tout*) and the vehicle speed (V). At next Step 
S6, a battery charge/discharge demand output (P B ) is inputted. 
This output is calculated on the basis of a battery residue 
(SOC) read from the signal line L B of the battery sensor. At 
Step S7, moreover, a vehicle demand output (Pout) is calculated. 
This vehicle demand output (Pout) is calculated as a sum (Pout 
= P d + Pb) of the driver demand output (P D ) and the battery 
charge/discharge demand output (P B )* At nest Step S8, the 
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running point (i.e. , an engine target torque T E * and an engine 
target speed N E *) of the engine is determined. In this 
processing: with reference to the engine target running state 
map stored in the memory of the vehicle control unit U and shown 
in Fig. 8, the points (Al to A3 , Amin)/ at which broken curves 
CI to C3 indicating the vehicle demand output (Pout) and the 
engine operating curve ( i . e . , a contour curve joining the running 
points for the highest efficiencies of the engine 1 ) at 
individual accelerator pedal positions ( al % to a6 % ) intersect , 
are determined as the running points of the engine 1 ; the engine 
torques (T E 1 to T E 3 , T E min) at the running points are determined 
as the engine target torque (T E *); and the engine speeds (N E 1 
to N E 3 / N E min) at those running points are determined as the 
engine target speed (N E *). 

Reverting to the flow chart and referring to Fig . 6 leading 
at letter A to Fig. 5, it is decided at nest Step Sll whether 
or not the engine is in the running range. This decision is 
made by judging it, from the vehicle demand torque ( Tout* ) and 
the vehicle speed (V) determined at preceding Steps with 
reference to the engine running range map stored in the memory 
of the vehicle control unit U and shown in Fig. 9, whether or 
not the engine 1 is in the running range. In Fig. 9: a curve 
crossing an arrow indicating OFF — > ON is a boundary line on 
which the stopped engine is started; a curve crossing an arrow 

indicating ON -> OFF is a boundary line on which the running 
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range is stopped; the intermediate region is a hysteresis region 
for holding the stability of the control; and the side on which 
the vehicle speed or vehicle demand torque is higher than that 
in the hysteresis region is the engine running range whereas 
the lower s ide is the engine stop range . Here , the curve cros s ing 

the arrow indicating OFF — > ON for starting the engine is shifted 
the more rightward of the Drawing for the more battery residue 
(SOC) thereby to narrow the engine running range, and is shifted 
the more leftward for the less battery residue SOC thereby to 
widen the running range. 

If the decision of Step Sll based on the map holds (YES) , 
the routine advances to next Step S12 , at which it is decided 
whether or not the engine is running. If this decision does 
not hold (NO), the engine 1 is not run although it is in the 
running range. At Step S2 6, therefore, there is executed the 
(later-described) engine start control subroutine. If the 
engine running range decision does not holds (NO) at the stage 
of Step Sll, on the other hand, the routine transfers to Step 
S24 , at which it is separately decided whether or not the engine 
is running. If this decision holds (YES) , moreover, the engine 
is run although it is in the stop range. At next Step S25, 
therefore, there is executed the (later-described) engine stop 
control subroutine. 

If the routine is returned to Step S12 at which the decision 
of the engine running holds ( YES ) , the engine control subroutine 
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is executed at Step S13. This processing is well known in the 
art so that the description and illustration of its specific 
contents are omitted. 

At next Step S14, the generator target speed (N G *) is 
determined. This determination is made from the vehicle speed 
(V: determined from the changing rate of the rotor position 

0 M of the dive motor 3 in the present embodiment) and the engine 
target speed (N E *) by using the foregoing speed relation (1) 
of the planetary. 

At subsequent Step S15 , it is decided whether or not the 
absolute value of the generator target speed (N G *) exceeds a 
first predetermined value (e.g., 500 [rpm]). This decision 
is made for the later selection of ON and OFF of the generator 
brake so as to reduce the energy loss. At a low generator speed 
(N G ) while the vehicle is run and driven by the engine, 
specifically, the power consumption increases to lower the power 
generation efficiency of the generator 2 and to deteriorate 
the fuel economy of the vehicle accordingly. When the absolute 
value of the generator speed (N G ) is smaller than a predetermined 
value, therefore, the generator brake 7 is applied to stop the 
generator 2 mechanically thereby to improve the fuel economy. 
If this decision holds (YES), moreover, the OFF state of the 
generator brake is confirmed at next Step S16. If this holds, 
the (later-described) generator speed control subroutine is 
executed at Step S17 . Otherwise, the routine transfers to Step 
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23, at which there is executed the (later-described) generator 
brake OFF control subroutine. If the decision of preceding 
Step S15 does not hold, on the other hand, the ON state of the 
generator brake is confirmed at Step S21 . If this confirmation 
does not hold, the generator brake ON control subroutine is 
executed at Step S22. If the confirmation holds, the routine 
returns to the steps after the generator speed control subroutine 
by Step S17. 

Under the execution of the generator speed control 
subroutine at Step S17, the drive shaft torque (T R -> 

out ) to be 

outputted through the planetary is estimated at next Step SI 8. 
This processing is executed by estimating a ring gear torque 
(T R ) from a generator torque (T G ) with the foregoing torque 
balance equation (2) of the planetary and by calculating the 

drive shaft torque (T R — > 0 ut) considering the counter gear ratio. 

This processing will be described in more detail. The 
engine torque T E , the ring gear torque T R and the generator torque 
T G receive reactions f rom one another , as described hereinbefore, 
so that the generator torque T G is converted into the ring gear 
torque T R and is outputted from the ring gear 62. When the 
generator rotating speed N G and the ring gear torque T R fluctuate 
as the ring gear torque T R is outputted from the ring gear 62, 
the ring gear torque T R having fluctuated is transmitted to 
the wheel 9 thereby to degrade the running feeling of the vehicle . 
Therefore, the ring gear torque T R is calculated while estimating 
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the torque of the inertia of the generator 2 accompanying the 
fluctuations of the generator speed N G . Therefore, the ring 
gear torque T R is calculated on the basis of the generator target 
torque T G * and the aforementioned gear ratio X, by calculating 
the ring gear torque by the operation of the vehicle control 
unit U and by reading the generator target torque T G * . 
Specifically, a sun gear torque T s to be applied to the sun 
gear 62 is expressed if the generator 2 has an inertia I G and 
if the generator 2 has an angular velocity (or rotation changing 
rate) og, as follows: 

T s = T G * + I G • <x G . 
And, the ring gear torque T R is expressed because it is X times 
as large as the sun gear torque T s from the relation of the 
gear ratio, as follows: 

T R = X • T s 

= X • ( T G * + I G • a G ) . 
Thus , the ring gear torque T R can be calculated from the generator 
target torque T G * . This processing can also adopt, only when 
the generator brake is ON, a mode in which the ring gear torque 
(T R ) is estimated from the engine torque (T E : taught from the 
engine control unit) by using the torque balancing equation 
(2) of the planetary. 

At next Step S19, there is determined the drive motor 
target torque (T M *). This processing is determined from the 
difference between the vehicle demand torque (Tout*) and the 
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drive shaft torque (T r -> 0 ut) • Finally , the drive motor control 
is made at Step S2 0, and the series of flows are ended to return 
to the initial Step, If the routine transfers to the abrupt 
acceleration control of Step S10, all the subsequent Steps are 
skipped to return directly to the initial Step, as shown by 
symbol B . 

Next, here will be described the individual subroutines 
in the aforementioned main flow. 
(Abrupt Acceleration Control) 

First of all, in the abrupt acceleration control routine 
at Step S6 in the main flow; as shown in Fig, 10, the vehicle 
demand torque (Tout* ) determined at preceding Step S3 is inputted 
at Step SI 01, and the drive motor target torque (T M *) is set 
with the maximum torque of the drive motor at next Step S102. 
At next Step S103, moreover, the differential torque between 
the vehicle demand torque ( Tout* ) and the drive motor target 
torque (or drive motor maximum torque) (T M *) is calculated to 
set the shortage for the drive motor maximum torque as the 
generator target torque (T G *) . On the basis of these settings, 
the drive motor control is performed at next Step S104 according 
to the drive motor target torque (T M * ) , and the generator torque 
control is performed at Step SI 05 according to the generator 
target torque (T G *). 
(Drive Motor Control) 



in the drive motor control routine, as shown in Fig. 11, 
the drive motor target torque (T M *) is inputted at Step SI 04a. 

Moreover, the rotor position (6 M ) of the drive motor is inputted 
at Step SI 04b. These inputs may be detected with or without 
a position sensor such as a resolver. Moreover, the drive motor 
speed (N M ) is calculated at Step S104c. This calculation can 
be made in this embodiment from the changing rate of the rotor 

position (9 M ) of the drive motor. In another embodiment, a 
rotation sensor can be separately adopted for the detection. 
Moreover, the battery voltage (V B ) is inputted at Step S104d. 
At nest Step S104e, there are determined a d-axis current command 
value (l d M*) and a q-axis current command value ( I qM * ) . These 
determinations are made with reference to the not-shown map 
from the drive motor target torque (T M *) , the drive motor speed 
(N M ) and the battery voltage (V B ) inputted at preceding Steps. 
Subsequently, the three-phase AC currents ( 

IuMf Ivm/ Iwm ) are 

inputted at Step Sl04f . The U- and V-phase current values (Ium/ 
I vm ) are determined by using the current sensors Snl2 and Snl3, 
and the W-phase current value (I W m) is determined from the 
relation of 

Iwm — Ium ~~ Ivm • In the case of another system mode 
having current sensors for all three phases, it is quite natural 
that the current values are directly determined by the individual 
current sensors . At next Step S104g, there are made conversions 

of three phases (Ium, Ivm/ Iwm) two phases (I d Mf IqM)- On the 
basis of these numerical values, moreover, the voltage command 
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values (V dM *, V qM *) are so calculated at next Step S104h that 
the individual differences between (I dMf IqM> and the d-axis 
current command value ( I dM * ) and the q-axis current command value 
(I qM *) may be reduced to 0 . On the. basis of these numerical 
values determined, at Step S104i, there are made conversions 
of the two phases (V dM *, V qM * ) three phases (V UM *f V VM * , V WM * ) . 
Finally, the voltage command values (V UM *, V VM */ V WM * ) thus 
determined are subjected to pulse width modulations and are 
outputted as the PWM (Pulse Width Modulation) signals to the 
inverter InM at Step S104j. 
(Generator Torque Control) 

In the generator control routine, as shown in Fig. 12, 
the generator target torque (T G *) is inputted at Step SI 05a. 

Moreover, the rotor position (0 G ) of the generator is inputted 
at Step Si 05b. These inputs may be detected with or without 
a position sensor such as a resolver. Moreover, the generator 
speed (N G ) is calculated at Step S105c. This generator speed 
(N G ) is determined in this embodiment from the changing rate 
of the rotor position (8 G ) of the generator. In another 
embodiment, a rotation sensor can be separately adopted for 
the detection. Moreover, the battery voltage (V B ) is inputted 
at Step S105d. At nest Step S105e, there are determined a d-axis 
current command value (I dG *) and a q-axis current command value 
(I qG *). These determinations are made with reference to the 
not-shown map from the generator target torque ( T G * ) , the 
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generator speed (N G ) and the battery voltage (V B ) inputted at 
preceding Steps . Subsequently, the currents (I UG , I VG / Iwg) are 
inputted at Step S105f . The U- and V-phase current values (I UG r 
I VG ) are determined by using the current sensors SnlO and Snll, 
and the W-phase current value (I W g) is determined from the 
relation of I WG = I UG - Ivg- In the case of another system mode 
having current sensors for all three phases, it is quite natural 
that the current values are directly determined by the individual 
current sensors . At next Step S105g, there are made conversions 

of three phases (I UG / Ivg, Iwg) -» two phases (I dG , I q c)- On the 
basis of these numerical values, moreover, the voltage command 
values (V dG *, V qG *) are so calculated at next Step S105h that 
the individual differences between (I 

dG / IqG ) and the d— axis 
current command value ( l dG * ) and the q-axis current command value 
(I qG *) may be reduced to 0. On the basis of these numerical 
values determined, at Step S105i, there are made conversions 
of the two phases (V dG *, V qG *) / three phases (V UG *, V VG *, V WG *). 
Finally, the voltage command values (V UG *, V VG */ V WG * ) thus 
determined are subjected to pulse width modulations and are 
outputted as the PWM (Pulse Width Modulation) signals to the 
inverter InG at Step S105j. 
(Generator Speed Control) 

Next, here will be described the generator speed control 
routine of Step S17 of Fig. 6. Fig. 13 shows a flow of the 
generator speed control routine. In this flow, the input of 
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the generator target speed (N G *) is inputted at first Step SI 7a. 
Moreover, the generator speed (N G ) is inputted at Step SI 7b. 
Then, the generator target torque (T G *) is determined at Step 
SI 7c. This generator target torque (T G *) is determined by the 
PI control (in which the generator target torque ( T G * ) is made 
the larger considering its plus and minus for the larger 
difference between the generator target speed (N G *) and the 
generator speed (N G ) inputted at preceding Steps ) . On the basis 
of the generator target torque ( T G * ) thus determined, the 
generator torque control is made at next Step S 1 7d . The contents 
of the generator torque control of this case are similar to 
those described in the preceding generator torque control 
routine. 

(Generator Brake ON Control) 

Next, here will be described the generator brake ON control 
routine at Step S22 of Fig. 6. Fig. 14 shows a flow of the 
generator brake ON control routine . In this flow, the generator 
target speed (N G * ) is set with 0 rpmat first Step S22a. Moreover, 
the generator speed control is executed at Step S2 2b. The 
contents of this control are similar to those described in the 
preceding generator speed control routine. At next Step S22c, 

there is estimated the drive shaft torque (T r -» 0 ut) which is 
outputted through the planetary. At Step S22d, moreover, the 
drive motor target torque (T M *) is set with the estimated drive 
shaft torque (-T r -> 0 ut)* Thus, the drive motor control is 
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executed at next Step S22e. The contents of this control are 
similar to those described in the preceding drive motor control 
routine. In the controls from Step S22c to Step S22e, the drive 
shaft torque (T r ->out) to be outputted from the generator through 
the planetary is so negated by the drive motor while the generator 
speed control is being executed at Step S22b that it may not 
be transmitted as shocks to the wheel. Under this control, 
it is decided at Step S22f whether or not the absolute value 
of the generator speed (N G ) is less than a second predetermined 
value (e.g., 100 [rpm]J. So long as this decision does not 
hold, moreover, the loop returning to Step S22b is repeated. 
When the decision of Step S2 2f holds, moreover, the routine 
advances to Step S2 2g, at which the generator brake is turned 
ON. With the generator brake being ON, the drive shaft torque 

(T r ->out) to be outputted through the planetary is estimated at 
Step S22h, and the drive motor target torque (T M *) is set with 

the estimated drive shaft torque (-T R — » 0 ut) at Step S22i. Thus, 
the drive motor control is executed at next Step S22j. The 
contents of this control are similar to those described in the 
preceding drive motor control routine. In the controls from 
Step S22h to Step S22j, too, the drive shaft torque (T r -> 0 ut) 
to be outputted from the generator through the planetary is 
so negated by the drive motor while the generator speed control 
is being executed at Step S22b that it may not be transmitted 
as shocks to the wheel. Under this control, it is decided at 
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Step S22k whether or not a predetermined time has elapsed with 
the generator brake being ON. This timer decision is made as 
the standby time till the rotation of the generator is actually 
stopped by the generator brake ON. When the rotational stop 
of the generator is thus warranted, the SW (Switching) of the 
generator is stopped at next Step S221, and this routine is 
ended and returned. 
(Generator Brake OFF Control) 

Next, here will be described the generator brake OFF 
control routine at Step S23 of Fig. 6. Fig. 15 shows a flow 
of the generator brake OFF control routine. In this flow, the 
correspondence to the engine torque (T E ) is set with the generator 
target torque (T G *) at Step S2 3a , and the generator torque control 
is accordingly made at Step S23b. In this state, moreover, 

the drive shaft torque (T r -* 0 ut) to be outputted through the 
planetary is estimated at Step S23c, and the drive motor target 
torque (T M *) is set with the estimated drive shaft torque 

(-Tr-> 0 ut) at next Step S23d. According to this, the drive motor 
control is executed at Step S23e. The contents of this control 
are similar to those described in the preceding drive motor 
control routine. In the controls from Step S23c to Step S23e, 

the drive shaft torque ( T r -» 0 ut ) to be outputted from the generator 
through the planetary is so negated by the drive motor while 
the generator speed control is being executed at Step S23b that 
it may not be transmitted as shocks to the wheel. Till it is 
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decided at Step S23f that a predetermined time has elapsed, 
the routine returns to the generator torque control of Step 
S23b, and the subsequent operations are repeated. When the 
predetermined time elapsed before long so that the lapse decis ion 
of Step S23f holds, the routine advances to next Step S23g, 
at which the generator brake is turned OFF . At subsequent Step 
S23h, the generator target speed (N G *) is set with 0 rpm. At 
Step S23i, the generator speed control is executed. The 
contents of this control are similar to those described in the 
preceding generator speed control routine . While the generator 
speed control being thus made, the drive shaft torque (T r -> 0 ut) 
to be outputted through the planetary is estimated at Step S23 j , 
and the drive motor target torque (T M *) is accordingly set at 
Step S23k with the estimated drive shaft torque (-T R — > 0 ut)* 
Finally, the drive motor control is executed at Step S231. The 
contents of this control are similar to those described in the 
preceding drive motor control routine. In the controls from 

Step S23j to Step S231, the drive shaft torque (T R — > 0 ut) to be 
outputted from the generator through the planetary is so negated 
by the drive motor while the generator speed control is being 
executed at Step S2 3 j that it may not be transmitted as shocks 
to the wheel. When the drive motor control state is thus 
established, this routine is ended and returned. 
(Engine Stop Control) 

Next, here will be described the engine stop control 



routine at Step S25 of Fig. 6. Fig. 16 shows a flow of the 
engine stop control routine. In this control , it is decided 
at first Step S25a whether or not the generator brake is OFF. 
If this decision does not hold, the generator brake OFF control 
is made at Step S2 5b to bring the generator into a rotatable 
state. At Step S25c, moreover, there are performed the 
operations to inject the fuel into the engine and to stop the 
ignition. Moreover, the throttle opening is fully closed at 
Step S25d, and the generator target speed (N G * = 0)is determined 
at Step S25e so as to stop the engine promptly. According to 
this decision, moreover, the generator speed control is made 
at Step S25f . At Step S25g, moreover, there is estimated the 

drive shaft torque (T R — > 0 ut) which is outputted in this state 
through the planetary. At Step S25h, moreover, the drive motor 
target torque (T M *) is set with the estimated drive shaft torque 

(-T r ^out)* Moreover, the drive motor control is made at Step 
S25i. The contents of this control are also similar to those 
described in the preceding drive motor control routine. In 
the controls from Step S2 5g to Step S25i, the drive shaft torque 

( T r ->out ) to be outputted from the generator through the planetary 
is so negated by the drive motor while the generator speed control 
is being executed at Step S2 5f that it may not be transmitted 
as shocks to the wheel. When it is decided at Step S2 5j that 

the engine speed (N E ) <; the stop speed, the SW (Switching) of 
the generator is stopped at Step S25k, and this routine is ended 
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and returned. 

(Engine Start Control) 

Next, here will be described the engine start control 
routine at Step S26 of Fig, 6. Fig. 17 shows a flow of the 
engine start control routine. In this control, the operation 
to set the throttle opening to a default of 0 % is performed 
at first. For this, the throttle opening = 0 % is decided at 
first StepS26a. If this decision is not satisfied, the throttle 
opening is set to 0 % at Step S2 6b by the output of the engine 
control unit U E . Under this condition satisfied, moreover, the 
vehicle speed (V) is inputted at Step S26c. Next, the running 
point (e.g., the engine target torque T E *, the engine target 
speed N E *) of the engine is inputted at Step S2 6d. In order 
that the rotationally stopped engine may be positioned at a 
predetermined crank-shaft position, moreover, the 
prepositioning control according to the gist of the present 
invention is made at next Step S2 6e. These contents will be 
described in detail. Next, the generator target speed (N G *) 
is determined at Step S26f. Subsequently, it is decided at 

Step S2 6g whether or not the engine speed (N E ) s> the starting 
speed. This decision does not hold at first, and the routine 
transfers to Step S2 6h, at which the generator speed control 
is executed to raise the engine speed. In order to negate the 
resultant fluctuations of the drive shaft output torque, the 
fluctuating torque negating control is made at Step S26i, and 
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the routine returns to the Step S2 6c to input the vehicle speed 
(V) . Thus , thedecisionof StepS26g holds so that it is confirmed 
that the conditions for the engine speed are satisfied. At 
Step S26j, the fuel is then injected to the engine, and the 
ignition is started. After this, there are made the generator 
speed control at Step S26k and the fluctuating torque negating 
control at Step S261. Moreover, the throttle opening is 
adjusted at Step S26m. At next Step S26n, the engine start 
is confirmed by deciding whether or not the generator torque 
(T G ) < the motoring torque. After this, at final Step S26o, 
it is decided whether or not a predetermined time for waiting 
the stability of the engine speed has elapsed. When this 
decision holds, this routine is ended and returned. 
(Prepositioning Control) 

Next, here will be described a prepositioning control 
during the engine start control according to the gist of the 
present invention. The engine start in the preceding engine 
start control is effected by causing the generator 2 to output 
a sufficient torque for running the engine 1 continuously (i.e. , 
the control of Step S26h shown in Fig. 17), by deciding that 
the predetermined speed (e.g., the idling speed) is reached 
(i.e. , thedecisionof Step S2 6g shown in Fig. 17 ) , and by starting 
the fuel injection / the ignition (i.e., at Step S26k shown 

in Fig. 17). In this case, the drive shaft torque (T r -> 0 ut) to 
be outputted through the planetary by the speed control of the 



generator 2 is expressed by: 

Tr-^out = (T G - I G * co G ) a f 

TC: Counter Shaft Torque, 

Tg * Generator Torque, 

I G : Generator Inertia, 

(o G : Generator Angular Acceleration, 

and 

a: Gear Ratio Considering Planetary and 
Counter. 

By correcting and outputting the aforementioned correspondence 
to the torque by the drive motor 3, it is possible to negate 
the torque fluctuations of the drive shaft. A drive motor 
correcting torque of this case is expressed by: 

ATm = Tout* — Tr— >ouTf 

Tout*: Vehicle Demand Torque. 

The generator angular velocity co G of the aforementioned 
case fluctuates with the engine rotating load. For detecting 
the angular velocity, therefore, there are necessary highly 
precise generator rotor position detecting means and a processor 
capable of processing the result at a high speed. In order 
to eliminate this necessity, according to the present invention, 
the crank-shaft position control for positioning the engine 
1 being fuel-cut at a predetermined cranking starting position 
is made by the vehicle control unit U by motoring the generator 



Fig. 18 shows the relation between the crank angle of 
a four-cylinder engine and a cranking torque schematically. 
This relation is determined mainly by synthesizing the relations 
( in which symbols O, □ , A and X indicate the torques of individual 
cylinders) between the strokes of the pistons in the individual 
cylinders and the expansion/compression of the combustion 
chamber volume, as well known in the art. in the relations, 
the cranking torque increases, when the compression advances 
in a specific cylinder, and decreases when the top dead center 
is passed. In the actual cranking load, however, once the 
rotation of the engine starts, the inertia torque acting at 
first as the rotation resistance but acts, when the flywheel 
inertia occurs, as an element to suppressing the torque 
fluctuations. Therefore, the torque is characterized to grow 
extremely high at the rising time of the rotation but then to 
take a lower substantially constant value although having its 
fluctuations. Due to the dispersion of the crank angle 
determined by the state in which the engine is stopped , therefore , 
there highly fluctuates the cranking load for raising the 
rotation at the beginning of the cranking. 

With a view to making substantially constant the cranking 
load for causing the initial rise of rotation at the 
aforementioned cranking, therefore, the gist of the present 
invention resides in that the control to rotate the engine having 
stopped or to stop at the circled A position (indicating the 
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general position to be naturally taken at the engine stop time 
because the rotation load is near substantially 0 ) to the circled 
B position (indicating the position which cannot be usually 
taken when the rotation load is so high that the engine naturally 
stops but which is not always limited to the close vicinity 
before the torque position the minimum necessary for causing 
the engine to continuously run over the first peak load, as 
indicated by a broken line), that is, the control (as termed 
herein as the "crank-shaft position control") is made prior 
to the cranking. With this gist, the prepositioning control, 
at which the present invention aims, is made in the state where 
none of the fuel injection and ignition of the engine and the 
adjustment of the throttle opening is done no matter whether 
the engine is being stopped or rotated. Therefore, the "engine 
being stopped in running", as termed in the present invention, 
implies the aforementioned state but does not always imply the 
engine being stopped in rotation. 

Fig. 19 shows a time chart of the control of a first 
embodiment of the prepositioning control. According to this 
embodiment, before the cranking torque (T G c) is outputted to 
the generator, the crank-shaft position adjusting torque (T G 
p) is outputted to rotate the engine discontinuously from the 
Apositionto the B position, as specif ied hereinbefore, thereby 
to make the crank-shaft position control to the predetermined 
cranking starting position. This predetermined cranking 
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starting position may be located, as will be described 
hereinafter, at a predetermined crank angle position by 
detecting it, may be warranted by a lapse of a constant time 
period by multiplying a predetermined torque lower than the 
torque necessary for starting the engine, or may combine them. 
Along with this , the output shaft torque fluctuation is prevented 
by causing the motor to output the torque which is calculated 
by subtracting a negating torque (T M p) for reducing the generator 
torque component to 0 on the output shaft from the drive torque 
(i.e., the aforementioned vehicle demand torque Tout* ) necessary 
for the vehicle to run . Here , only the torque of this correction 
is indicated as the drive motor torque. 

After the crank-shaft position was thus set at the B 
position, the routine then transfers to Step S2 6f, at which 
the generator is caused to output a cranking torque (T G c) 
sufficient for rotating the engine continuously, thereby to 
effect the engine start. In this case, too, the output shaft 
torque fluctuation is prevented by outputting the torque (T M 
c) for correcting the cranking torque to the drive motor. 

By this control, the drive shaft torque slightly 
fluctuates at the beginning of the cranking, as indicated by 
a solid curve, but can be suppressed lower at its peak value 
than the torque fluctuation of the cranking case from the A 
position, as indicated by a broken curve. This fluctuation 
is caused by the fluctuation of the cranking torque of the engine 
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according to the crank angle, as shown in Fig. 18. Where 
especially the B position is set extremely close to this side 
of the peak load level, as indicated by a broken curve in Fig. 
18, the cranking torque (T G c) output according to that high 
torque load is high from the beginning so that the rise of the 
engine speed from the shown B position is quickened to shorten 
the time period for the torque fluctuation to occur. 

Fig. 2 0 shows a flow chart of the case in which the 
aforementioned operations are done by a timer control . In this 
prepositioning control, the generator target torque (T G *) is 
set with an arbitrary constant torque at Step S26e-1. The 
constant torque of this case is exemplified by 1.5 [Nm], i.e., 
a torque lower than that necessary for starting the engine. 
According to this setting, a generator torque control similar 
to the aforementioned one is made at Step S26e-2, and a 
fluctuating torque negating control is made at Step S26e-3. 
One pattern for the fluctuating torque negating control of this 
case is shown in a flow chart in Fig. 21. In this fluctuating 

torque negating control routine: the drive shaft torque (T h -> 0 ut) 
to be outputted through the planetary is estimated at first 
Step S2 6e-31 by a method similar to the aforementioned one; 
the drive motor target torque (T M *) is set at Step S2 6e-32 with 

the torque for negating that torque simply, i.e., -T R — > 0 ut; and 
the drive motor control having contents similar to the 
aforementioned ones is accordingly executed at Step S26e-33. 



Reverting to Fig. 20, the decision on a predetermined time is 
thus made at final Step S26e-4. The predetermined time of this 
case is exemplified by 0 . 3 seconds . Here , the correction torque 
to be set in the aforementioned drive motor target torque (T M *) 
can be set by the calculation, as described hereinbefore. In 
another method, however, the map of the correction torque in 
the drive motor, as corresponding to the generator torque 
adjusted to an arbitrary constant torque, as shown in Fig. 22, 
could be set in the memory of the vehicle control unit U and 
used to set the correction torque. 

Fig. 23 is a flow chart showing the control contents of 
a second embodiment in which the aforementioned timer control 
is replaced by a detection of the crank-shaft position. The 
arbitrary constant torque to be set at first Step S26e-1 of 
this prepositioning control routine need not be necessarily 
made lower than the torque for the motoring but can be set to 
a higher value, e.g., 5 [Nm] than that of the foregoing first 
embodiment . Moreover , the fluctuating torque negating control 
of Step S26e-3 of this case can adopt either of the two patterns 
as in the case of the foregoing first embodiment. Various 
sensors can be used for deciding the predetermined crank-shaft 
position at final Step S26e-5. For example, it is possible 
to use a sensor having a high resolution and capable of detecting 
a detailed crank-shaft position, or a sensor exemplifying a 
detector which is prepared by forming corrugations or notches 
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according to the rotation of the crank-shaft on the circumference 
of a disc-shaped detector Sn21 or Sn22 for rotating synchronously 
with the crank-shaft , as shown in Fig. 24 or Fig. 25 (in which 
the corrugations or notches are formed at an interval of 180 
degrees according to a four-cylinder engine having two 
predetermined crank-shaft positions for one rotation of the 
crank-shaft). Another method can be exemplified by a method 
for determining the speed signal from the engine by integrating 
it, or a method for determining the engine speed from the speeds 
of the generator and the drive motor by using the speed equation 
(1) of the planetary and by integrating it. 

Next, Fig. 26 is a flowchart showing the control contents 
of the prepositioning control of a third embodiment. In this 
embodiment, premising the use of a sensor having a high 
resolution and capable of detecting a detailed position, as 

described hereinbefore, a crank-shaft position (6) is inputted 
at first Step S26e-6, and a time (t) till a predetermined 
crank-shaft position is reached is calculated at next Step S26e-7 . 
The time (t) of this case can be either set in the memory of 
the vehicle control unit U as a map of the relation of the time 
(t) to the crank-shaft position (9 [degrees] ) , as shown in Fig. 
27, or determined by calculations. The arbitrary torque to 
be set to the generator target torque of next Step S26e-1 is 
exemplified by 5 [Nm] as in the foregoing case of the second 
embodiment. In this case, the decision of the crank-shaft 
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position is made by deciding the lapse of the time (t) at final 
Step S26e-8. The remaining Steps are similar to those of the 
foregoing first and second embodiments. 

Next, Fig. 28 is a flowchart showing the control contents 
of the prepositioning control of a fourth embodiment. In this 
embodiment', unlike the foregoing three embodiments, the torque 
for setting the crank-shaft position is made variable. In the 

case of this embodiment, the crank-shaft position (8) is inputted 
at first Step S2 6e-6 as in the preceding third embodiment. At 
next Step S2 6e-9, however, the generator target torque (T G *) 
is set according to the crank-shaft position. This setting 
is made by setting the map of the generator target torque (T G * ) , 
as made variable along the cranking torque (as referred to Fig. 
18), as shown in Fig. 29, in the memory of the vehicle control 
unit. The fluctuating torque negating control of this case 
can be corrected not only according to the aforementioned flow 
of Fig. 2 0 but also separately by a first torque correcting 
map, as shown in Fig. 29. This first torque correcting map 
is one for the drive motor target torque (T M *) which simply 
negates the generator target torque (T G *) by a variable torque 
map while considering the gear ratio. 

Here in the engine start control of the first embodiment, 
the engine after the prepositioning control is motored by the 
speed control (as referred to Step S2 3k of Fig. 17) of the 
generator. Even at the same generator speed, however, the 
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generator output is different depending upon the temperature. 
This different may be unable to be corrected even if the torque 
negating the fluctuating torque during the motoring is mapped. 
In order to solve this problem, there is necessary a complicated 
control such as a separate temperature correcting control. In 
a next fifth embodiment showing its flow in Fig. 30 , therefore, 
a more precise torque correction is expected in a simple control 
by motoring in the torque control of the generator and by mapping 
the corresponding negating torque. 

The difference between the engine start control routine 
shown in Fig. 3 0 and the engine start control routine shown 
in Fig. 17 resides essentially in the difference of the torque 
control from the aforementioned speed control of the generator. 
By designating the corresponding steps by similar step numbers , 
therefore, the description will be directed to only the 
differences but not to the common portions. The contents of 
the generator torque control of Steps S26q and S26s in this 
embodiment are similar to those described before with reference 
to Fig. 12. The fluctuating torque negating controls of Steps 
S26r and S26t have the following correction patterns, although 
the foregoing correction method shown in Fig. 21 is the first 
correction pattern (as will be called the "ordinary correction 
pattern" ) . . 

A second correction pattern is one according to the 
generator torque negating map, the flow of which is shown in 
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Fig. 31. In this pattern, as shown in Fig. 32, the drive motor 
control is made by determining the generator torque to occur 
at the motoring time experimentally by the speed control of 
the generator, by mapping the drive motor target torque (T M *) 
to negate the generator torque simply and by setting the drive 
motor target torque (T M *). 

A third correction pattern is a correction by the ordinary 
correction pattern and drive shaft torque fluctuation negating 
map according to the crank-shaft position, as shown in Fig. 
33. Therefore, this correction pattern premises the use of 
the sensor having a high resolution and capable of detecting 
a detailed position . For deciding the drive motor target torque 
(T M *) in this pattern, there is used not only the correction 
by the ordinary calculation but also the drive shaft torque 
negating map shown in Fig. 34 or Fig. 35. In this map, the 
drive motor target torque (T M *) is set with respect to the 

crank-shaft position (9 [degrees]), thereby to negate the 
cranking torque which fluctuates according to the crank angle 
indicated by the output shaft torque (in a solid curve) in Fig. 
19. Especially the map shown in Fig. 35 has a setting including 
the torque fluctuation at the engine ignition time, and the 
fluctuation of the drive shaft torque can be eliminated 
substantially completely by that correction. 

A fourth correction pattern is a combination of the 
correction by the generator torque negating map and the 
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correction by the drive shaft torque negating map according 
to the crank-shaft position, as shown in Fig. 36. The drive 
motor target torque (T M *) of the torque correction map by this 
correction, as shown in Fig. 37, is set as a sum of the torque 
values referring to the map shown in Fig. 32 and the map shown 
in Fig. 34. 

Next, the engine start control routine of Fig. 3 8 shows 
a sixth embodiment, in which an operation to inhibit the 
prepositioning control is added when the vehicle demand torque 
is higher than that of the foregoing engine start control routine 
shown in Fig . 17 . In this control mode, the input of the vehicle 
demand torque (T OU t*) of Step S26u is added after the input step 
of the vehicle speed (V) , and the decision of Step S26v on the 

vehicle demand torque (Tout*) a predetermined torque is added 
after the input of the running points of the engine. If this 
decision does not hold, the flow skips the prepositioning control . 
The remaining flow is similar to that of the engine start control 
routine of the first embodiment shown in Fig . 17 , the description - 
will be omitted by designating the corresponding steps by s imilar 
step numbers. 

In the foregoing individual embodiments, the 
prepositioning control has been made as a pretreatment for the 
engine start but may also be made as an after-treatment at the 
engine stopping time. Next, Fig. 3 9 is a time chart showing 
a seventh embodiment for this treatment. In this embodiment, 
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the engine being run in the fuel cut state is controlled to 
be quickly stopped by causing the generator to absorb the torque . 
In this case, too, the drive motor is caused to output the 
correction torque to reduce the generator torque to 0 on the 
output shaft. As a result, the engine is abruptly decelerated 
from the idling run so that the fluctuation of the output. shaft 
torque is caused at a speed just before the stop by the torque 
fluctuation. However, this fluctuation continues from the 
running state so that it is as low as the torque fluctuation 
at the beginning of the cranking of the preceding first 
embodiment. When the engine speed thus comes substantially 
to 0, the engine position adjusting torque (T G p) is outputted 
in the discontinuous run to move the engine position from the 
A position to the B position. In this case, too, a correction 
is made to reduce the generator torque to 0 on the output shaft 
by adjusting the drive motor torque output (T M p). Depending 
on the subsequent running state, the torque in the reverse 
direction to the A position may act on the crank-shaft of the 
engine which has thus stopped at the B position. However, the 
reverse run of the engine 1 is blocked by the engagement of 
the one-way clutch 8 and can be held at that position. In this 
embodiment, therefore, an excessive power consumption can be 
prevented, because the torque need not be continuously applied 
by the generator 2 so as to hold the engine 1 at the cranking 
position. 
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Fig. 4 0 is a flow chart showing the control contents 
described above. In the engine stop control routine of this 
case, the engine stop control routine of Step S25 in the first 
embodiment is partially replaced by a prepositioning control. 
Specifically, Steps S25g to S25i of the portions relating to 
the drive motor control are replaced by the fluctuating torque 
negating control of Step S251, and a prepositioning control 
step of Step S25m is added before the final Step S25k. The 
torque correction pattern in the fluctuating torque negating 
control of this case can be exemplified by an ordinary correction 
pattern as in the case of the first embodiment. Moreover, the 
torque correction pattern in the prepositioning control can 
also be exemplified by an ordinary correction pattern as in 
the first embodiment. In addition, there can be conceived as 
at the start control time the various patterns, the description 
of which will be omitted because they are basically similar 
to those of the method for executing the correction before the 
engine start. 

According to this control mode, the crank-shaft position 
control prior to the engine start is not required so that a 
quick response for starting the cranking of the engine directly 
at an arbitrary timing can be made even in case the drive demand 
of the driver changes just after the engine stop. Moreover, 
the torque vibrations in this case can be reduced like the case 
of the first embodiment by the crank-shaft position control 
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made in advance at the engine stop time. 

Finally, Fig. 41 to Fig. 43 are time charts showing the 
actual measurements comparing the engine start of the prior 
art and the engine start control accompanied by the 
prepositioning control according to the present invention, so 
as to verify the effects of the prepositioning control according 
to the present invention. All these time charts illustrate 
the data in the vehicle stop state with a view to preventing 
the complicated waveforms to facilitate the references. In 
the engine start without the prepositioning control, as shown 
in Fig. 41, the motoring by the generator abruptly starts (as 
referred to the changes in the generator torque and the generator 
speed from 2 . 8 sees . ) so that the crank-shaft vigorously rotates 
till the compression stroke end (as likewise referred to the 
torque peak of 3.2 sees.) of the highest load. After this, 
the motoring gradually proceeds so that the rotation of the 
generator is caused to drop at an instant (as referred to the 
position of 3.1 sees.) by the bounce from the damper. As a 
result, the difference between the generator target speed and 
the actual generator speed grows so large as to establish a 
state in which the actual generator speed follows the target 
value. As a result, the generator speed abruptly rises. It 
is found that the rise causes a high torque fluctuation on the 
drive shaft (as referred to the rising gradient of the drive 
shaft torque of 3 . 1 sees . to 3 . 2 sees . ) . After this , the torque 
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is irregularly disturbed to fluctuate without converging for 
a long time. 

According to the prepositioning control at the engine 
starting time, as shown in Fig. 42 , according to the present 
invention, on the other hand, it is found that the crank-shaft 
position control starts near 3 . 7 sees . ( as referred to the change 
in the generator torque) and ends near 4.1 sees. , and that the 
cranking is started from that position so that the fall of the 
generator speed is suppressed to. a remarkably small value in 
the vicinity of 4.3 sees. As a result, the torque fluctuation 
to occur in the drive shaft torque is effectively reduced. 
Moreover, no subsequent disturbance occurs in the torque 
fluctuation of the drive shaft. 

According to the prepositioning control at the engine 
stop time, as shown in Fig. 43, according to the present invention, 
it is found that the crank-shaft position control to start near 
15.3 sees, is substantially negligibly small with respect to 
the occurrence of the drive shaft torque fluctuation by the 
preceding engine stopping operation. 

Although the present invention has been described in 
detail in connection with the various embodiments, it should 
not be limited to the embodiments but could be practiced in 
various specific manners within the scope of the claims. For 
example, the second embodiment, in which the prepositioning 
control is made at the engine stop time, could be constructed 
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such that the prepositioning control is made at a suitable timing 
after the engine stop. The timing of this case is proper for 
the engine pos it ion control without giving any phys ical disorder 
to the driver , if it is made to the instant when the drive torque 
change is controlled for the accelerator manipulation or brake 
manipulation for the driver to change the drive demand. 
Moreover, the application of the invention has been described 
by enumerating the hybrid drive apparatus using the engine and 
the electric motor as its power source. However, the 
application of the present invention should not be limited 
thereto but could be employed a system for stopping/starting 
the engine automatically so as to prevent the unnecessary idling 
when the vehicle stops . 

INDUSTRIAL APPLICABILITY 

As has been described hereinbefore, the drive apparatus 
according to the present invention is suitably used as a drive 
apparatus for various automobiles mounting an engine and an 
electric motor. 



